Objective. To examine whether cerebral activity during passive movements decreases with time after stroke, and if reduced activity in the representation for the upper extremity can be reversed with training. Methods. Brain activity was measured by functional magnetic resonance imaging (fMRI) during passive wrist flexion-extension in 7 patients at varying time points after stroke, in a cross-sectional design. Upper limb function was also measured in all patients. Five of the patients took part in a training program and were measured again, behaviorally and with fMRI posttraining. Healthy control individuals of comparable age were also studied. Results. In patients, reduced activity over time after stroke was found for the group in the supplementary motor area (SMA), contralateral primary motor cortex, and prefrontal and parietal association areas along with ipsilateral cerebellum. Activity in most of these areas was also reduced in the patient group as compared to the control group. After a halfhour of daily training for 4 weeks with repetitive passive and active arm movements, cerebral activation increased in the pre-SMA and SMA, ipsilateral primary sensory cortex and intraparietal sulcus, and contralateral cerebellum in parallel with functional improvements of the upper limb. Areas common to both analyses included the SMA, pre-SMA, primary sensory cortex, intraparietal sulcus, and cerebellum. Conclusions. Our findings suggest that a down-regulation of sensorimotor activity occurs progressively over time as a result of inactivity and that training may reverse the reduced brain activity.
O ur understanding of brain plasticity, that is, how neuronal circuits can be modified during development, by experience and learning and in response to brain lesions, has increased in recent years.
Animal research has demonstrated that activity-dependent reorganization of neural circuits is mediated by modifications of the synaptic connectivity by various mechanisms, for example, growth of dendritic spines, long-term potentiation (LTP), and long-term depression (LDP). 1, 2 Neuroimaging techniques, such as functional magnetic resonance imaging (fMRI), make it possible to study changes of the synaptic activity and connectivity in the human brain. A series of human neuroimaging studies of sensorimotor representations in the brain (sensorimotor maps) has shown reduced cortical representation of the deafferented body part after limb amputation, 3 whereas long-lasting intensive use of fingers, as in blind Braille readers 4 or string instrument players, 5 resulted in expansion of the finger representations in the sensorimotor cortices. Skill learning, for example, learning of a finger motor sequence, 6, 7 also induces reorganization in the sensorimotor cortical areas. Use-dependent brain plasticity may therefore play an important role in the motor rehabilitation after stroke. 8 The recovery of upper limb sensorimotor function after stroke is associated with reorganization of remaining neural circuits (for reviews, see ref nos [9] [10] [11] . Longitudinal studies of finger and hand movements in stroke patients have shown that the activation pattern of sensorimotor networks may normalize with recovery, that is, from an initial widespread bilateral activation to a more focused activation contralaterally to the moved hand. [12] [13] [14] [15] [16] Recruitment of sensorimotor areas not normally activated by the task may also mediate recovery. [15] [16] [17] The initial recovery phase is assumed to plateau after 6 months. 18, 19 However, despite functional recovery, some chronic stroke patients tend not to use the affected upper limb as much as their capacity allows. [20] [21] [22] Such limited use of the affected upper limb could result in reduced sensorimotor representations in the available neural circuits over time, as synaptic connectivity is highly usedependent. One of our aims was to test whether the sensorimotor representation of passive hand movement is reduced with increasing time after stroke.
As in healthy individuals, neuroimaging studies in stroke patients have revealed training-induced plasticity of sensorimotor circuits, for example, training-induced reorganization of the hand area in the primary motor cortex. 23 Training by means of active hand movements several years after stroke has been shown to lead to increased recruitment of sensorimotor circuits in the nonlesioned hemisphere 17, 24 and in the lesioned hemisphere. 25, 26 A shift from the intact to the lesion side has been reported in connection with improved function. 27 Given that the synaptic connectivity is use-dependent, and the hypothesis that a reduction of sensorimotor maps occurs with time in patients after stroke due to inactivity, our second aim was to test if intense training could reverse a time-related reduction of the sensorimotor maps.
To study use-dependent up-and down-regulation in patients after stroke, we wanted to study patients with different degrees of impairment. Inasmuch as an active task would have precluded inclusion of patients with poor motor recovery, we chose to study a passive wrist flexion-extension movement. In a pilot study, 26 we could show that passive movement training in these severely impaired patients improved the motor performance and also influenced the brain activity pattern. Indeed, passive movements are known to induce neural activity not only in sensory systems but also in classical motor areas, and in so-called mirror neurones that are involved in both movement production and monitoring and imagining motor actions. [28] [29] [30] [31] Passive hand movements activate similar brain areas as active movements due to movementrelated sensory feedback from proprioceptive and cutaneous receptors. 32 In stroke patients, passive movements have revealed similar sensorimotor activation patterns as found during active movements. 15 In the present fMRI study, we used a passive wrist flexion-extension movement in the scanner to examine whether use-dependent up-and down-regulation of sensorimotor processing of passive hand movements occurs in the chronic phase poststroke. Specifically, we have tested whether the sensorimotor representation of the passive movement is reduced with time after stroke, and whether the reduced activity could be reversed by an intensive training program.
METHODS

Participants
Seven right-handed male stroke patients (age 46-71, mean 59.4) from the Department of Rehabilitation Medicine, Danderyds Hospital, were recruited. Inclusion criteria were 1) one stroke more than 6 months prior to recruitment (range, 9-84 months), 2) ability to communicate and understand information of the study, 3) middle cerebral artery infarct as identified by MRI, and 4) intact proprioception at the elbow and wrist joints (as indicated by correct identification of limb position after passive movement with eyes closed, according to the Fugl-Meyer Assessment). Exclusion criteria were 1) usual contraindications to MRI, 2) epilepsy (to rule out possibility of seizure in scanner and confounding by epileptic activity or antiepileptic drug effects), and 3) previous history of neurological disorder. At the time of the study, the patients were not taking medications (ie, antidepressant/antipsychotic drugs) or substances known to modulate motor cortex activity (eg, levodopa or amphetamines). 33 The clinical characteristics of the patients are shown in Table 1 .
Six right-handed healthy individuals (age 38-69, mean 54, 3 male participants) without any history of neurological disorder constituted the control group. The stroke and healthy subject groups did not differ in age (P = .35). All study and control participants gave written informed consent, according to the Declaration of Helsinki, before participating in the study. The study was approved by the Ethics Committee at the Karolinska Hospital, Stockholm. 
Assessment of Upper Limb Sensorimotor Function
Assessment of upper limb function in the patients was performed by a trained physiotherapist not involved in the training program. Patients were first assessed twice over a 4-week baseline period and once again after the training period. Patients were also asked to report any changes of paretic arm/hand motor performance following the training. Changes in upper limb function after training were described in relation to the mean of the 2 baseline values. The assessments included 1) active range of motion (ROM) measurement of wrist extension with a goniometer, 2) muscle tone assessment of finger and wrist flexors according to the modified Ashworth scale, 3) upper limb sections (arm function, hand function, fine motor sections) of the Motor Assessment Scale (MAS), and 4) hand and finger dexterity with the Nine-Hole Peg Test (NHPT) ( Table 1 ). Sensory function of the upper limb was evaluated by assessing 2-point discrimination in the digits, light touch in hand (using Semmes-Weinstein Monofilament test), and proprioception at the elbow, wrist, and thumb.
Training Program
Only 5 of the 7 patients (1-5) volunteered to take part in the training program. The training program consisted of repetitive passive reaching, grasping, and releasing movements of the paretic arm and hand guided by a therapist. The passive movement pattern was performed for movements that the patient could not execute. Movements were repeated 200 to 400 times per session. During the passive training, the patients were instructed to focus on the sensation of the movement and to attend to the arm and hand. The passive training was followed by attempts to voluntarily reproduce the same movement sequence with support by a therapist, that is, assisted active movements (lasting 5 minutes). Training lasted half an hour and was performed 5 days/week for 4 weeks (for details, see ref no 26) .
Magnetic Resonance Imaging
Scanning was performed using a 1.5-Tesla General Electric Signa Echospeed (Milwaukee, Wisc) scanner equipped with a head-coil. A T1-weighted sequence was performed on all the participants to allow anatomical localization of brain activity during functional imaging and also for lesion volume calculation ( Table 1 ). The T1-weighted sequence was a coronal 3D, Spoiled Gradient Echo with an in-plane resolution of 0.86 mm × 0.86 mm and contiguous, 2-mm thick slices. Here the field of view was 22 cm, with an echo time of 6.0 ms, repetition time of 24 ms, flip angle of 35 degrees, and using a single excitation.
For fMRI, T2*-weighted image volumes with blood oxygenation level-dependent (BOLD) contrast were collected. The imaging parameters for the T2*-weighted image volumes with BOLD contrast were echo time =50 ms; repetition time = 4000 ms; field of view = 22 cm; matrix size = 64 × 64; pixel size 3.4 mm × 3.4 mm in 2D; and flip angle = 90 degrees. Thirty contiguous slices of 5.0 mm thickness were collected in each volume.
Functional MRI Task
During recording in the MRI scanner, passive wrist extension of the affected hand was alternated with rest in a block design. Each block was preceded by the instruction "Rest" or "Passive movement." Each block consisted of 10 passive movements (ie, 10 whole brain volumes) and similar time at rest, repeated twice. Five sessions were collected for each participant, resulting in a total of 100 volumes collected for both task and rest conditions. Passive movement was produced by manually pulling the lever of the hand apparatus. Movement velocity was kept low (0.25 Hz) to avoid triggering of stretch reflexes due to spasticity. The wrist extension was controlled by a mechanical stop, and the range was kept constant to 40 degrees. The passive movement was first tested in all participants outside the scanner, and the participants were also familiarized with the MRI environment before recording. The participants' ability to relax during the passive wrist movement was tested outside the scanner using electromyography (EMG) ( Figure 1 ). No participant exhibited any active muscle activity. All 7 patients were scanned at least once (during the 4-week baseline period) at different time points after the stroke (see Table 1 ). The 5 patients participating in the training program were scanned a second time 1 to 2 weeks after completion of the training program.
fMRI Analyses
For fMRI image processing and statistical analysis, SPM2 software (Wellcome Department of Cognitive Neurology, London, UK; www.fil.ion.ucl.ac.uk/spm) was used. Image processing included spatially realigning, coregistering images to each individual's anatomical T1weighted image, and normalization of images to stereotactic space and finally smoothing of images (FWHM 8 mm). Lesion areas were excluded from normalization process in all the patients by creating a mask of the lesion using MRI-cro software. 34 The images from patients 1 and 2 with left-sided lesions were flipped so that all lesions Use-Dependent Up-and Down-Regulation of Sensorimotor Brain Circuits were in the left hemisphere. 35 The fMRI data was modeled with a standard general linear model, as implemented in SPM2. Passive movement versus rest contrast images were first generated for each participant. The significance of the effects was calculated using t statistics for every voxel from the brain, resulting in statistical parametric maps (SPM) for each of the defined conditions (ie, rest and passive movement). Second, these contrast images were analyzed at a second level (random effects analysis). The following second-level analyses were performed:
Within-group comparisons. Passive movement versus rest (1-sample t test) was performed to show brain areas activated in each group during passive movement.
Between-group comparisons. Passive movement versus rest (2-sample t test) was compared between groups to show group differences in passive movement-related brain activity patterns. The within-group activation images were used as inclusive masks to rule out differences caused by differing levels of deactivation, that is, for control individuals versus patients comparison, the controls' passive movement versus rest activity map was used as an inclusive mask (at P < .05, uncorrected) and for patients versus control individuals, the patients' passive movement versus rest activity map was used as a mask (at P < .05, uncorrected).
Correlation analysis of brain activity in relation to the duration after stroke. A simple regression test was used to test whether brain activity during passive movement versus rest correlated with time after stroke (months). A post hoc correlation analysis was performed to test whether the brain activity that correlated with time poststroke was related to other clinical variables (ie, age, lesion volume, and upper limb sensorimotor function measures). Training effects. Passive movement versus rest after training was contrasted to that before training (using paired t test) to show the effects of training on brain activity. To rule out significant activations due to changes in level of deactivation, this contrast was masked inclusively with the posttraining passive movement versus rest activity map (at P < .05, uncorrected). The brain activity pattern found for training effects was also compared to that found in the between-group and the correlation analyses.
To verify validity of random effects analysis on 5 patients, it was confirmed that the results obtained were consistent with qualitative comparisons of brain activity patterns before and after training for the group (ie, [Passive movement vs Rest before training] vs [Passive movement vs Rest after training]). Training-related brain activity increases were also confirmed individually by inspection of single-subject fixed effects results (P < .001, uncorrected).
For group analyses, significant clusters greater than 10 voxels in size (P < .05, both corrected and uncorrected for multiple comparisons) are presented. Activations are presented overlaid on mean T1 images. Anatomical localization of the activations was determined according to the major gyri and sulci. 36 For the cerebellum, we used the terminology of the Schmahmann atlas. 37 All images are presented in neurological space (ie, right = right). The side of brain activity, throughout this article, is indicated in relation to the moved hand, that is, contralateral or ipsilateral to the moved hand.
RESULTS
Upper Limb Sensorimotor Function
Baseline. Clinical data of the patients is summarized in Table 1 . Time after stroke onset ranged from 9 to 84 months. Ability to recognize light touch along with 2-point discrimination sense was impaired in patient 2 and patient 4. All patients had intact proprioception at the elbow and wrist, and patient 4 exhibited reduced proprioception in the thumb. MAS scores reflecting upper limb function ranged from 2 to 18 (max score 18). Three patients demonstrated severe paresis (ie, MAS score < 7), 1 patient moderate paresis (ie, MAS score 7-12), and 3 patients mild paresis (ie, MAS score > 12). Four patients exhibited increased muscle tone in wrist and finger flexor muscles, and they were unable to perform the dexterity task (NHPT).
Only muscle tone of wrist and finger flexors was found to correlate with time after stroke (r = .78, P = .04). Time after stroke did not correlate with lesion volume (r = .11, P = .82) or with any of the clinical measures (MAS: r = -.66, P = .1; wrist ext: r = -.5, P = .25; NHPT: r = -.71, P = .07).
After training. All 5 patients demonstrated some behavioral improvements after the training period, although there was a large variation among participants. MAS scores were improved in 3 patients, range of active wrist extension increased in 2, and 2 exhibited reduced muscle tone in the wrist and finger flexor muscles ( Table 2 ). All patients also reported increased use of the paretic arm and hand in one or more everyday functions ( Table 2 ).
Brain Imaging: Activation Pattern Within Groups
Control participants activated both sensory and motor areas during passive wrist movement. Activations contralateral to the moved hand included a large cluster encompassing both primary and secondary motor and sensory cortices (M1, S1, and S2), the premotor cortex (PMC), thalamus, and prefrontal cortex ( Table 3) . Activations ipsilateral to the moved hand included the cerebellum and S2 areas (Figure 2A) .
Patients activated the contralateral M1 and S1, PMC, and prefrontal cortex during passive wrist movements and Use-Dependent Up-and Down-Regulation of Sensorimotor Brain Circuits Neurorehabilitation and Neural Repair 21(4); 2007 319 ipsilateral supplementary motor area (SMA); ( Table 3) . As illustrated in Figure 2B , the total area of sensorimotor activation was dramatically reduced as compared to the controls. Bilateral activations of the thalamus, basal ganglia, and contralateral substantia nigra were also present.
Difference in Activation Pattern Between Groups
Control participants versus patients. The control participants activated the contralateral M1 and S1, PMC, and cingulate cortex and ipsilateral cerebellum significantly more during passive wrist movement than did the stroke patients ( Figure 2C , Table 3 ), that is, the activity in these areas was reduced in the stroke patients.
Patients versus control individuals. Patients did not activate any areas significantly more than controls.
Changes of Brain Activity in Relation to the Duration After Stroke
Brain activity correlated negatively with the duration after the stroke (Table 3) contralateral M1, and ipsilateral cerebellum ( Figure  3A) . The parameter estimates during passive movement versus rest in the above areas correlated strongly with time poststroke (ie, more than 80% of the variation in brain activity in the areas reported was explained by the variation in time poststroke) ( Table 4 ). When plotted against other variables (ie, age, lesion volume, and upper limb sensorimotor function measures), the parameter estimates during passive movement versus rest in the above areas only correlated with wrist extension (ie, the contralateral intraparietal sulcus). Several of the areas that exhibited reduced activity with time after the stroke were similar to those showing reduced activity in the patient group as compared to the control group. These areas included the contralateral M1 (slightly more lateral in correlation result) and SMA, and ipsilateral cerebellum.
Training Effects
For the group of patients trained, activity increased in the pre-SMA and SMA, ipsilateral S1 and intraparietal sulcus, and contra-and ipsilateral cerebellum ( Figure 3B , Table 3 ). The same areas showed increased activity upon qualitative comparison of passive movement versus rest before training ( Figure 4A ) with passive movement versus rest after training ( Figure 4B ). Single-subject analysis of training effect showed that neuronal activity significantly increased in the SMA and pre-SMA in 4 of 5 trained patients. All patients also showed increased activity in the primary sensory and motor areas and cerebellum ( Figure 4C ). Several areas that increased activity with training were similar to those that showed 1) reduced activity in the patient group when compared with the control group and 2) reduced activity with time after the stroke. These areas included the SMA and ipsilateral cerebellum. Other areas in which the training induced increased activity exhibited only 3) reduced activity with time. These areas included the pre-SMA, ispilateral S1 and intraparietal sulcus, and contralateral cerebellum.
DISCUSSION
In this study, we have found experimental support for a use-dependent up-and down-regulation of cortical sensorimotor circuits in humans after stroke. Several areas that showed a gradual reduction of the activity over time in the stroke patients responded with increased activity after a training period. The training also resulted in improved upper limb sensorimotor function, which may indicate that regular use of the upper limb may be an important clinical strategy to prevent down-regulation of appropriate sensorimotor networks keeping them operational.
Validation of the Paradigm and Study Design
The passive wrist extension-flexion in healthy controls resulted in activation of both sensory and motor cortical areas involved during active movements, such as the S1, M1, SMA, and ipsilateral cerebellum along with parietal sensory areas. Most activations were highly significant at the group level despite the low number of participants. Furthermore, the activations observed were similar to those in previous studies. 32 This validates our use of this passive task as a probe in studying the integrated sensorimotor system in patients with poor ability to produce active movements. We could also confirm that the passive wrist movement activated the same sensorimotor network in stroke patients but that this activity was reduced in several areas compared to the control group. 15, 25, 38 Our finding of increased brain activity after training using the passive task also supports that a passive task may be used to assess training-induced changes in the motor system in patients with central nervous system disorders. 39 Reduced sensorimotor activity in stroke patients could be directly related to the lesion induced by the stroke but might also, according to our hypothesis, be an effect of less use of the affected limb. Thus, we related the brain activity to the duration of less usage. A flaw in the present study is that we could not measure the daily motor activity of the affected limb. However, several studies have shown that even in the absence of sensory neglect, patients do not use their affected limb as much, even if able to do so. [20] [21] [22] The main limitations of the present study were the small number of participants and the risk of unrecognized confounding factors. Strict inclusion criteria were applied to rule out as many confounding factors as possible (ie, age differences between groups, handedness, medications, and intact proprioception at the wrist). Furthermore, no relation between lesion size and time after stroke and no difference in lesion location were observed between patients early (patients 1, 6, and 7) or late (patients 2, 3, 4, and 5) after stroke. Also, after the training program, the patient group showed increased activity in areas similar to those that had shown reduced activity with time after stroke. Taken together, these findings suggest a use-dependent regulation of sensorimotor areas rather than sensorimotor activation patterns related to some other confound. However, given the small number of patients studied, our findings need to be validated in a larger sample of stroke patients. Another limitation of this study was the cross-sectional design. A longitudinal design would allow multiple fMRI studies over time after stroke and measurements of the amount of hand use in the same patients. Because clinical studies have shown that reduced use of the paretic hand occurs several years after stroke, 22 we thought it important to cover a long span of time, from 9 to 84 months, as a first approximation for the relationships studied.
Effects of Time
The correlation analysis showed that patients in the later phase after stroke had reduced activity in the SMA, bilateral prefrontal and sensory association areas (intraparietal sulcus, supramarginal gyrus), and ipsilateral cerebellum compared to those in the earlier phase after stroke. Given 1) the strong correlations found between brain activity and time after stroke, 2) the evidence from previous studies that stroke patients use their affected hands less, [20] [21] [22] and 3) the finding that training enhanced the activity in similar areas, it seems reasonable to suggest that these time-dependent findings are related to amount of use of the hand. Decreased use of the affected hand implies less activation of the sensorimotor networks leading to down-regulation of synaptic activity according to our hypothesis and based on extensive experimental research. [1] [2] [3] [4] [5] [6] [7] [8] Alternatively, the negative correlation with duration after stroke may be confounded by the degree of upper limb sensorimotor function of the patients, that is, that the patients late after stroke are worse functionally than those in the earlier phase. However, only muscle tone of the wrist and finger flexors was found to correlate significantly with time poststroke. Furthermore, in our post hoc test of whether any of the other clinical variables correlated with the brain activity (in the areas found to correlate with time poststroke), only activity in the contralateral intraparietal sulcus correlated with wrist extension. However, the correlation coefficients (Table 4 ) suggest that other factors may also have an impact. Future studies with larger patient samples would allow description of the differential contribution of such factors.
Another possibility is that the reduced use of the hand could imply reduced attention to the hand. Directing attention away from one body part to another has been shown to lead to reduced activity in the primary sensory cortex. 40 Similarly, the reduced activity in the intraparietal sulcus and ipsilateral supramarginal gyrus may be related to redirecting of attention during hand movements. 41 Reduced sensory attention may also affect activity in the SMA, which receives afferent input from the primary sensory cortex. 42 Lower activity in the cerebellum over time could also be secondary to the reduced activity found in the frontal and parietal areas as these regions are highly connected. 43 
Effects of Training
Increased brain activity occurred in parallel with improved upper limb function in all 5 patients trained. This up-regulation of activity may be linked to the improved motor function of the patients, 44 although no direct correlation could be found. As 2 of the 3 most affected patients (patients 2 and 3) showed reduced muscle tone in the wrist flexors together with improved wrist movement production after training, it may be argued that the reduced peripheral resistance to movement and not the increased brain activity was enhancing motor function. However, as the patients were scanned at least a week after completion of the training program (thus limiting residual peripheral effects) and showed increased activity in sensorimotor networks, the training benefits were probably related to improved sensorimotor integration. Previous studies revealed that sensory stimulation alone can enhance corticomotor output 31 and lead to improved muscle strength in chronic stroke patients. 45 Brain activity increased in SMA and pre-SMA posttraining. This occurred at the same location as decreased activity with time poststroke (eg, peak local maxima of pre-SMA in both analyses differed only by 3 mm in the y-axis). As the SMA and pre-SMA have corticospinal projections 46 and are involved in force control in healthy individuals, 47 the up-regulation in these areas may be directly linked to the functional improvements demonstrated, which was also found to occur in M1 after training. 48 Training may also have induced an attentional up-regulation of passive movement processing affecting the SMA through the middle frontal gyrus, known to be involved in gating of attention. 49 Areas in the ipsilateral hemisphere, homologous to the ones showing reduced activity over time, also increased in activation after training, that is, the ispilateral primary sensory cortex (S1) and the intraparietal cortex and contralateral cerebellum (lobule VI) were recruited. Use-related changes are known to occur in the contralateral S1. 50 The recruitment of the ispilateral S1 may reflect compensation for lost function of the contralateral sensorimotor networks. Indeed, ipsilateral sensorimotor areas are involved in skilled hand movements, 51 and cortical sensory areas in the 2 hemispheres are normally used in sensory processing of tactile and vibratory input. 52 These regions are a possible substrate for compensation when contralateral circuits have been affected by the stroke. Increased activity in ipsilateral sensorimotor areas after training has previously been associated with recovered motor function. 17, 25 Hence, our findings confirm that the unaffected hemisphere is involved in the training-mediated improvement and suggest that sensorimotor areas in the spared hemisphere may play a role in recovery poststroke. 53 Increased brain activity after training also occurred in areas without corticomotor projections (eg, intraparietal cortex and contralateral cerebellum). This may reflect an up-regulation of sensorimotor areas related to learning and not just to enhanced corticomotor excitability. Indeed, the above areas are known to be involved in the automatization phase of motor learning (for review, see ref no 54) . Using the hand more in everyday tasks after training ( Table 2 ) also suggests that learning/relearning of functional movements has taken place. Reorganization related to learning would be in line with the idea that learning mechanisms are important for mediating poststroke recovery and traininginduced functional improvements. 55, 56 Clinical Considerations Despite the limited number of patients studied, our results indicate a progressive down-regulation of sensorimotor activity over time after stroke. This downregulation is likely contributing to the impaired upper limb function. However, this study suggests that training may prevent this decline of synaptic activity in sensorimotor circuits. If true, patients may benefit by training programs in the chronic phase poststroke designed to prevent further decline of the sensorimotor brain circuits. Apart from active training, attending to and feeling the paretic hand move may enhance subliminal activation, as suggested by our training findings.
